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Objective: To establish the occurrence of Periodic Leg Movements (PLM) and Restless Legs Syndrome (RLS) in
Spinal Cord Injury (SCI) subjects.
Methods: In this study, twenty four patients were submitted to a full night polysomnography and were assessed
with Epworth Sleepiness Scale and an adapted form of International Restless Legs Syndrome Scale Rating Scale
(IRLS Rating Scale). Control Group (CG) was composed of 16 subjects, 50% of each sex, age: 24.38±4 years old.
Spinal Cord Injury Group (SCIG) was composed of 8 subjects (29±5 years old) with a complete SCI (ASIA A) of
about three and a half years of duration, 100% males.
Results:100% of SCIG had RLS compared to 17% in CG (pb0.0001). SCIG had 18.11±20.07 of PLM indexwhile CG
had 5.96±11.93 (p=0.01). Arousals related to PLM were recorded in CG and SCIG. There was a positive
moderate correlation between RLS and age (r=0.5; p=0.01), RLS and PLM (r=0.49; p=0.01), adapted IRLS
Rating Scale and PLM index (r=0.64; p=0.03) and also a negative moderate correlation between Epworth
Sleepiness Scale and PLM index (r=-0.4; p=0.04) in both groups.
Conclusion: RLS and PLM are common ﬁndings in SCI patients with a complete injury.
© 2010 Elsevier B.V. Open access under the Elsevier OA license.1. Introduction
Restless Legs Syndrome (RLS) is described as a complaint of
restlessness of legs and arms in late afternoon and beginning of the
night, associated with uncomfortable or unpleasant sensations in the
legs which improve with movement or massage [1]. Most of the
patients with RLS also have Periodic Leg Movements (PLM) during
sleep, which are described as ﬂexion movements of the big toe and
ankle that can be accompanied by knee and hip ﬂexion [1].
The physiopathology of these disorders has not been fully
understood. Case reports have described PLM in Spinal Cord Injury
(SCI) patients [2] pointing to a possible participation of the Central
Pattern Generators (CPG) and the ﬂexor afferent reﬂex in the
physiopathology of PLM as discussed by Paulus and Schomburg [3].
In this paper we conﬁrm the high prevalence of PLM and describe
for the ﬁrst time RLS in cervical ASIA A injured patients in a case
control study of 8 SCI subjects with complete lesion compared to 16
control subjects.or, room 2115, São Paulo, SP,
s).
lsevier OA license.2. Materials and methods
2.1. Patient and volunteer screening
The procedures were performed at University of Sao Paulo Medical
School, GeneralHospital (Hospital dasClínicas), fromNovember2007 to
November 2008. The study was approved by University of São Paulo
Ethics Committee. Subjects were informed about the experimental
design and have signed the informed consent.
The inclusion criteria were the following: age between 18 and
40 years old for both groups and cervical or thoracic traumatic complete
SCI with at least one year of injury for the SCI group. The exclusion
criteria were the following: subjects with other sleep disorders such as
sleep apnea–hipopnea obstructive syndrome (SAHOS) for both groups,
and SCI caused by guns or knives, lumbar or sacral pathologies, eschars,
any types of body deformities or any other health condition that might
impair the performance of the polysomnography in the SCI subject. All
SCI subjects had been treated for their impairments in Hospital after the
injury and were no longer part of rehabilitation programmes of the
Hospital.
The control group (CG)was composed by volunteers recruited froma
list of contacts of University of Sao Paulo students. The volunteers were
interviewed and screened for sleep disorders andhealth problemswhich
couldbe related toPLMandRLS; 25health volunteers agreed to submit to
polysomnography (Table 1). One volunteer of the CGwas excluded from
Table 1
medical records and results obtained during the exams: SCIG=Spinal Cord Injury Group, CG=Control Group, ASIA=American Spinal Cord Injury Association Classiﬁcation;
ESS=Epworth Sleepiness Scale, IRLS rating Scale=International Restless Legs Syndrome Rating Scale.
Group Subjects Gender Age
(years)
Medical
history
ASIA/ neurological
level
Cause of
injury
Medicines PLM
index
ESS IRLS rating
scale
SCIG A.A.O M 22 SCI,
occasional
insomnia
A/C5 Shallow
water
diving
Baclofen, diazepam, oxibutine, gabapentin, tizanitim,
thorazine, amitriptyline
9.3 8 18
SCIG F.A.C. M 31 SCI A/T4 Motorcycle
accident
None 4 3 12
SCIG J.C.P.C. M 19 SCI A/T4 Bicycle
accident
None 6 1 4
SCIG M.N.S. M 33 SCI A/T2 Motorcycle
accident
None 12 8 8
SCIG R.S.G. M 38 SCI A/T3 Motorcycle
accident
Amitriptyline, phenobarbital 40.4 2 11
SCIG R.V.L. M 37 SCI A/T7 Motorcycle
accident
None 15 6 15
SCIG T.M.C. M 22 SCI A/C4 Motorcycle
accident
Baclofen, oxybutynin hydrochloride, omeprazole, diazepam,
parecetamol, vitamins, calcium alendronate
57.5 7 20
SCIG T.R.S. M 30 SCI A/C7 Motorcycle
accident
None 0.7 10 5
CG A.B. M 29 None None 0.4 10
CG A.O.D. F 22 Rhinitis None 3.7 6
CG D.E.J. F 19 None None 0 9
CG E.A.C. F 30 Rhinitis,
sinusitis
None 6.8 6 13
CG E.B.B. M 21 Occasional
insomnia
Amitriptyline 15 0
CG F.L.B.W. F 29 None None 0 11
CG F.L.T. M 29 None None 48 8 15
CG J.M.M. F 28 Rhinitis None 1.7 3 10
CG M.M.O. F 25 None None 5.8 8
CG M.Y.M. M 20 Skin eczema None 1.6 4
CG P.M.V.T. M 27 None None 8.4 2
CG R.R.C. M 19 None None 0 6
CG R.R.F.P. F 26 None None 0.6 12
CG T.S.L. F 24 None None 0 6
CG V.C.Z. M 19 None None 1.2 12
CG W.R.F.J. M 23 None None 2.3 12
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referred to treatment. From a list of 264 SCI patients registered at the
Orthopedic Institute of General Hospital, University of São PauloMedical
School, 117 were selected by their medical records. Just forty-one
patients could be reached by phone and 33 of them did not agree to
participate, mostly because of social issues. The remaining 8 SCI patients
were recruited and clinically evaluated; all of them fulﬁlled the criteria
and were addressed to polysomnography. The demographic data of
controls and SCI subjects are presented in the Table 1. The study was
scheduled according to the patient's convenience and they received all
directions andexplanations about the studies. The subjects compromised
to come to the hospital on the settled date, and in case of SCIG,
accompanied by a caregiver that would sleep on the same room of the
patient. These arrangements, the accessibility of the hospital and the
specialization of the staff involved in the procedures allowed us to
perform the tests in ASIA A patients with high injuries thus presenting
with severe motor and sensory sequels.
2.2. Assessments
All subjects were submitted to a clinical evaluation that contained
initial questionnaire regarding health and sleep disorders and four
questions about clinical symptoms of RLS: unpleasant feelings in the
legs, if those feelings were worse in the evening and at rest and if
those feelings improved with local movement or massage.
All subjects answered the Epworth Sleepiness Scale [4], a self
administered questionnaire in which the subjects rated the chances that
they would doze off or fall asleep in eight different situations commonly
encountered in daily life in order to measure daytime sleepiness. Each
question was scored as 0, 1, 2 or 3 that indicated respectively, no, few,moderate or high chance. A total score higher than 10 was considered
excessive daytime sleepiness.
Subjects reporting clinical symptoms of RLS were evaluated with an
adapted form of IRLS Rating Scale translated to Portuguese [5] without
twoquestions regardingwalking. The subjects answered eight questions
with ﬁve alternatives each that could be scored from 0 to 4. The sum of
the points graduated the severity of RLS.
3SCI subjects were evaluated according to the American Spinal Cord
Injury Association (ASIA) to conﬁrm the level and the ASIA A status of
injury described in the patients registers, according to inclusion criteria.
Finally, the subjects were submitted to a standard test of full night
polysomnography performed according to the standardized criteria for
the classiﬁcation of sleep stages described by Rechtschafen and Kales [6],
and the electroencephalograms were obtained according to the interna-
tional system. The polygraph used for recording was Embla A10 (USA)
including four electroencephalographic, four electromyographic (two on
the legs and two on the submandibular region) and two oculogram
recordings. Additionally ﬂow, thoracic, abdominal respiratory, body
position and snore sensors, as well as oximeter and electrocardiogram
channels were applied. This setting provides diagnosis of the most
common sleep disorders such as sleep apnea, and would also diagnose
PLM and continuous monitoring of the oxihemoglobin saturation levels.
The polysomnography was personally prepared and monitored by the
ﬁrst author of this paper always accompanied by the doctor in charge and
another physiotherapist in case of SCIG.
2.3. Data analyses
Statistical analyseswere performed and p valueb0.05was considered
signiﬁcant. The Mann–Whitney test was used to analyze quantitative
121S.C.L. Telles et al. / Journal of the Neurological Sciences 303 (2011) 119–123variables and Fisher test was used to compare qualitative measures and
Spearmancorrelationcoefﬁcientwasused toanalyzepossible correlations
between the variables and we have considered week, moderate and
strong correlation respectively rb0.4, 0.4≤r≤0.7 and rN0.7.
The initial evaluation aimed to assess the number of subjects with
RLS symptoms in both groups and to exclude any other sleep disorder.
The results were compared between groups and correlations between
ages were performed. The groups were not matched for gender and
age because of the size of the sample.
The Epworth Sleepiness Scale aimed to compare daily somnolence
between groups. The ﬁnal score was compared between groups and
correlated with other variables. IRLS Rating Scale aimed to assess the
severity of RLS. The ﬁnal score was analyzed and compared between
groups. ASIA classiﬁcation aimed to determine the level of spinal cord
injury and volunteers' impairment. It aimed to support the functional
diagnosis rather than to compare the data obtained. The amount of
PLM per hour of sleep was recorded and named PLM index. The ﬁnal
score was analyzed, compared between groups and correlated with
other variables. Arousals were scored by manual analysis in all exams
according to the standardized criteria.3. Results
The control group (CG) included 16 subjects, 50% of each sex and
24.38±4.03 years of age. The spinal cord injury group (SCIG) was
composed of 8 subjects, 100%males, 29±5.21 years old possessing an
ASIA A complete and chronic (3.61±1.73 years) SCI, which were
divided in 3 cervical and 5 thoracic injuries.
RLS was found in 100% of SCIG and in 18.30% of CG (pb0.001)
(Fig. 1A) according to the classical clinical evaluation. The circadian
fashion of RLS was detected in both groups. We have found no
difference of diurnal somnolence between groups according to the
validated Epworth Sleepiness Scale. Both groups presented with
similar severity in RLS by means of the IRLS Rating Scale, the SCIG
group scored 11.63±5.82 and the CG scored 12.67±2.51 (p=1.0). It
should be noticed that all SCI subjects claimed that when they felt the
unpleasant sensations, they would ask the caregivers to move,
massage or stretch their legs in order to ameliorate the feeling.
Moreover, likewise in control subjects, the circadian fashion was very
strongly referred as different from any other feeling they ever had.Fig. 1. A: Frequency (percentage of affected subjects) of Restless Leg Syndrome (RLS)
complaints in spinal cord injury group (SCIG) and control group (CG) according to an
adapted form of International Restless Legs Syndrome Rating Scale for RLS without two
questions regarding walking (A, see text for details). SCIG presented 100% while CG
presented 18.3% of complaint (pb0.0001). B: Periodic LegMovements (PLM) index inboth
groups. Spinal cord injury group (SCIG) presented 18.11±7.09 limb movements/hour
while control group (CG) presented 5.96±2.98 limb movements/hour (p=0.018).PLM index was 18.11±20.87 in SCIG and 5.96±11.93 in CG
(pb0.01) (Fig. 1B) according to polysomnographic register. PLM index
N5 was found in 31.3% and 75% of CG and SCIG, respectively. The
groups were divided into mild, moderate and severe [7] (Table 2).
We also analyzed possible correlations between the variables
(Table 3). Of substantial importance, there was a moderate positive
correlation between RLS and age (r=0.5; p=0.01), RLS and PLM
(r=0.49; p=0.01) and adapted IRLS Rating Scale and PLM index
(r=0.64; p=0.03). Furthermore, a negative moderate correlation
between Epworth Sleepiness Scale and PLM index (r=−0.4; p=0.04)
was also found.
Considering PLM arousal index, we have found no signiﬁcant
difference between CG and SCIG (p=0.121). We also compared
paraplegics and tetraplegics according to PLM arousal index. There was
no signiﬁcant difference between groups (p=0.129), though there is a
tendency that tetraplegics have an increased number of PLM arousals.4. Discussion
The present paper conﬁrms the high prevalence of PLM in SCI
patients,with emphasis onASIAA subjects, and describes RLS in cervical
ASIA A injured people. An interesting ﬁnding was that the unpleasant
sensation in legs referred by all SCI ASIA A subjects evaluated in this
work improved after leg movements or stretch, similar to non injured
subjects affected by RLS [8].
It should be noticed that we have used the classical clinical
evaluation, notably the four questions to detect the clinical symptoms
of RLS in the injured and non injured subjects of the present work. A
previous description has referred to possible RLS in SCI patients, but the
study was based on the PLM presence [9].
The main limitation of our study is the small number of subjects
included.However, it has notmodiﬁed the prevalence of RLS and PLM in
our control group which is in agreement with larger epidemiological
studies [10], anddespite the small differences regardingageof onset and
sex. Furthermore, it must be emphasized that we have also applied for
the ﬁrst time the IRLS Rating Scale [5] in injured subjects that was
adapted without 2 items about gait, which are inappropriate to ASIA A
SCI patients. The IRLS Rating Scale was only to graduate the severity of
the RLS symptoms and showed no difference between SCIG and CG.
RLS and PLM and its neuroplastic mechanisms in human SCI are
not completely understood. Thus, occurrence of these conditions will
be discussed based on hypothesis developed in our research center
and on peer reviewed papers.
Regarding SCI subjects, neuroplastic changes may have occurred in
mesencephalic or other supraspinal areas related to RLS physiopatho-
logy, such as impaired dopaminergic regulation [11]. Furthermore, the
neurological explanation for RLS in ASIA A patients might be related to
similarmechanisms of phantom sensations and pain [12,13], which have
already been reported as a common complaint among SCI subjects [14].
Also, the presence of RLS in 100% of SCI subjects evaluated in the present
work could be explained by a similar neuroplasticity in the sleep/wake
regulatory circuits after SCI in rats [15]. Recent reports have described
neuroplastic structural rearrangements in the neuropil of cortical regions
and thalamus in the SCI rats bymeans of fMRI andmolecular expressionTable 2
Table showing classiﬁcation of PLM in subjects of control and spinal cord injury groups
according to PLM index:mild (5 to 24 movements/h), moderate (25 to 49 movements/h)
or severe (N50 movements/h). CG=control group, SCIG=Spinal Cord Injury Group.
Classiﬁcation according to PLM index.
PLM classiﬁcation CG (n/percentage) SCIG (n/percentage)
b5 12 (75%) 2 (25%)
5 to 24 (mild) 3 (18.75%) 4 (50%)
25 to 49 (moderate) 1 (6.25%) 1 (12.5%)
N50 (severe) 0 1 (12.5%)
Table 3
Table showing correlations between RLS and PLM and also with other variables like sex,
age, PLM index, Epworth Sleepiness Scale and IRLS Rating Scale by means of the
Spearman correlation test. R=Spearman correlation, P=p value. Positive and negative
correlations were found. Correlation between variables.
RLS PLM Sex Age
(years)
PLM
index
Epworth
sleepines
scale
IRLS
rating
scale
RLS R 0.497 0.296 0.509 0.605 −0.268 0.456
P 0.014 0.161 0.011 0.002 0.206 0.677
PLM R 0.296 0.224 0.866 −0.396 0.388
P 0.161 0.292 b0.0001 0.056 0.238
Sex R 0.026 0.442 −0.167 0.075
P 0.905 0.031 0.434 0.827
Age (years) R 0.305 −0.013 −0.096
P 0.147 0.954 0.779
PLM index R −0.416 0.647
P 0.043 0.031
Epworth
Sleepiness
Scale
R 0.256
P 0.447
IRLS Rating Scale R
P
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means of fMRI [17]. Furthermore, changes in arcuate nucleus [18],
periaqueductal graymatter and speciﬁc regions of themedulla oblongata
[19] were also described involving modulation of synaptic strength in
glutamate synapses, neurotransmitters, endogenous neuropeptides and
their receptors in general, all regulated by neurotrophic factor mecha-
nisms specially those triggeredbybrain-derivedneurotrophic factor [20].
Indeed, changes in mesolimbic reward circuit and the basal ganglia,
regions involved in reinforcing the association between urge tomove the
limb and relief upon movement and stretch in SCI subjects presenting
RLS, are an important issue for future investigations. It is also a matter of
investigation the neuroplastic mechanisms of both subcortical and
mesencephalic regions that may have taken place in SCI ASIA A subjects
that might account for RLS circadian fashion herein described, similar to
RLS in non injured subjects [8].
Neuroplasticity in spinal cord might also contribute to the mecha-
nisms of RLS after SCI. Waxman [14] described neuroplastic changes
related to hyperexcitability in thalamic and spinal cord dorsal horn
neurons along the pain pathway that might be correlated to pain
ampliﬁers and generators contributing to neuropathic pain after SCI. On
the other hand, its role to the appearance of the circadian diffuse and
nonspeciﬁc restlessness that characterizes RLS in ASIA A SCI patients
described in our work is a matter of further investigation. Nevertheless,
somatosensory spinal reﬂexes connected to peripheral sympathetic
regulation may participate in the relief of such symptoms after massage
and movements applied in their legs.
Our results also showed that PLM was frequent in SCIG and that
the more severe the RLS the higher the PLM index. The association
between RLS and PLM was established in 1990 [8] and nowadays it
has been used as an additional clinical parameter to support RLS
diagnosis.
Neuronal plasticity in cortical and subcortical regions may also be
related to PLM in SCI patients [21] as described above for RLS in
injured subjects. It has been described in animal models that PLMmay
lead to insomnia and hyperactivity [22,23], which may involve
neuroplastic responses on supraspinal areas that also show adapta-
tions to SCI [24]. Furthermore, rats with SCI (thoracic transection)
develop a switched cortical network state of slow wave activity
resembling slow-wave sleep [15]. Indeed, such cortical plasticity after
SCI may have been modulated by directly affected brainstem structures,
and monoamine nuclei are of special importance, as well as thalamic
nuclei regulating cortical synchrony and arousal. Thus, neuronal
plasticity in cortical and subcortical regions may facilitate PLM in SCI.The presence of sleep K complex as well as arousal episodes, both
referred as common cortical signals of sleep disruption, are usual ﬁndings
in PLM patients without SCI and are not necessarily correlated to
sleepiness [25–27]. Also the changes in the lumbar CPG of the spinal cord
[28]may have a role in PLM during sleep in non injured patients [29] and
might be of substantial importance after complete SCI [28,30] Further-
more, the temporal association between K complex and PLM [31], as well
as arousal followed by PLM cluster in the polysomnographic record of
ASIA A subjects described in the present work is an evidence that spinal
cord may participate in PLM generation. Additionally, the negative
correlation between sleepiness and PLM described in the ASIA A patients
in the present work gives further evidence that spinal lumbar CPG may
also participate in this process, especially after a complete disconnection
from superior centers.
Spinal CPG is also modulated by the ﬂexor reﬂex afferents [32] which
in turn receive descendent dopaminergic innervations in rats [33]. A
complete cervical SCI triggers plasticity changes in the lumbar CPG,which
is facilitated by the absence of supraspinal descendent inputs, and also
leads to impaired dopaminergic innervations in the complex FRA-CPG. All
in all, such changes, particularly those regarding the impaired descending
dopaminergic inputs might justify the effectiveness of levodopa in
decreasing PLM in SCI subjects [34], and thus highlight the role of spinal
CPG in those injured patients.
Finally, themodulation of the lumbar CPGmay also receive inﬂuences
fromsuperior centers throughextra spinal visceral pathways sincePLMis
linked to autonomic function [25]. Such extra spinal connection, thatwas
already discussed here as a possible mechanism of RLS relief, might also
explain the association between PLM and sleep K complex [31] and
arousals episodes in the SCI ASIA A patients described in this paper.
In summary, RLS and PLM in the legs are present in cervical and
thoracic SCI ASIA A patients, according to clinical evaluation and it
must be taken on consideration by all health professionals dealing
with SCI patients.
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